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[57] ABSTRACT 

An optical disk with clock pits formed on tracks at prede- 
termined intervals extending in a radial direction of the 
optical disk. Servo pits are arranged wobbly with respect to 
the tracks and auxiliary cock pits are arranged in such a 
manner that at least one auxiliary pit is provided in a non 
track region between two clock pits adjacent in the radial 
direction of the optical disk. A plurality of auxiliary clock 
pits may overlap one another to form an auxiliary clock 
groove. 

3 Claims, 5 Drawing Sheets 
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OPTICAL DATA RECORDING MEDIUM 

This is a continuation of application Ser. No. 07/523,529, 
filed on May 15, 1990, which was abandoned. 

5 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to an optical data recording lQ 
medium, and more particularly to an optical disk for a 
sampled servo system. 

2. Prior Art 

An optical data recording medium (hereinafter referred to 
as an "an optical disk", when applicable) is an optical 15 
memory device for recording or reproducing data with a 
laser beam focused on its recording surface, and therefore 
the data recording and reproducing operation with the opti- 
cal disk needs a focusing operation for focusing a laser beam 
on the recording surface and a tracking operation for causing 20 
the focused laser beam to scan the recording surface along 
tracks. 

The focusing operation has been substantially established 
using means well known in the art. On the other hand, the 
tracking operation is provided with a so-called "continuous 25 
servo system" in which grooves for guiding the focused light 
beam are employed. Data are recorded in the grooves or in 
the spaces between the grooves (hereinafter referred to as 
"on land", when applicable) or reproduced therefrom. A 
so-called "sampled servo system" in which, with clock 30 
signals formed clock pits arranged at predetermined inter- 
vals, the signals of servo pits wobbly with respect to the 
direction of a track, are sampled to perform the tracking 
operation. 

As is apparent from the above-description, the specific 35 
feature of the sampled servo system resides in that a tracking 
operation can be performed without provision of guide 
grooves in a recording surface. 

FIG. 2 is an explanatory diagram showing the arrange- ^ 
ment of a conventional optical disk for the sampled servo 
system. As shown in FIG. 2, tracks 203 are generated on a 
recording surface as indicated by the broken lines, and clock 
pits 201 are formed on the tracks 203 of the recording 
surface at predetermined interval, and in addition servo pits 45 
202 are formed in the recording surface in such a manner 
that they are wobbly with respect to the direction of a track. 
The clock pits are arranged so that clock pit signals are 
generated with a constant time interval at the time of a 
reproducing operation. As a result, the clock pits are 5Q 
arranged in alignment with a radial direction of a disk with 
a predetermined angle. Recording pits representing data are 
not shown in FIG. 2. 

In the sampled servo system, the signals of the servo pits 
202 are sampled and outputted as tracking error signals. 55 
FIG. 3 is a block diagram showing a tracking servo circuit 
according to the conventional sampled servo system. FIG. 4 
is a time chart showing various signals in FIG. 3. 

A photodetector (not shown) converts the intensity of 
light reflected from pits of the optical disk into an electrical 60 
signal, which is applied, as a reproducing signal (a), to the 
tracking servo circuit shown in FIG. 3. In the tracking servo 
conduit, a peak detecting circuit 10 detects the peak of the 
reproducing signal, and converts it into a digital pit signal 
(b), which is applied to a clock pit signal extracting circuit 65 
11. The pit signal (b) includes the signals of servo pit 202, 
clock pit 201 and recording pit (not shown). The clock pit 



signal extracting circuit 11 extracts only the clock pit signal 
(c) from the pit signal (b). The clock pit signal (c) thus 
extracted is applied to a PLL (phase locked loop) circuit 12, 
which outputs a clock signal (d), whose frequency is an 
integer times that of the clock pit signal (c), in synchroni- 
zation with the latter (c). The clock signal (d) is applied to 
a sampling timing signal generating circuit 13, which in turn 
produces sampling timing signals 1 and 2 for sampling 
changes which are caused in the reproducing signal (a) by 
the servo pits 202. The sampling timing signals 1 and 2 are 
applied to a sample and hold circuit 1 14 and a sample hold 
circuit II 15, respectively. In the sample and hold circuits I 
and II, the signals of two servo pits are sampled with the 
sampling timing signals 1 and 2, so that sampled reproduc- 
ing signals (servo pit signals) 1 and 2 are outputted. The 
sampled reproducing signals 1 and 2 are applied to a 
differential amplifier 16, which outputs a tracking error 
signal (e). 

The tracking error signal (e) thus provided by the tracking 
servo circuit is applied to a circuit which, in response to it, 
operates to displace a laser beam lens actuator to decrease 
the tracking error, so that a tracking servo is effected to 
accomplish the tracking operation. 

In the conventional optical disk according to the sampled 
servo system, the clock pits are located only on the tracks as 
shown in FIG. 2. Therefore, in the case where the tracking 
operation has been accomplished and the focused light beam 
is scanning the tracks, the signals of the clock pits can be 
detected However, before the tracking operation is accom- 
plished, the focused light beam may scan the inter-tracks. In 
this case, the signals of the clock pits are decreased, as a 
result of which the clock signals may not be generated 
sufficiently. If the clock signals are not generated satisfac- 
torily, then the jitter of the clock signals is increased, and the 
sampling of the signals of the servo pits is not correctly 
carried out. As a result, the time required for accomplish- 
ment of the tracking operation is increased. In addition, in 
the case where the tracking operation is not achieved yet, the 
focused light beam may jump over the tracks at the time of 
start or access. Therefore, at the time of start, it may be 
necessary to repeatedly perform the starting operation; and 
at the time of access, the access time may be increased. 

SUMMARY OF THE INVENTION 

Accordingly, an object of this invention is to eliminate the 
above-described difficulties accompanying a conventional 
optical disc of sampled servo system. 

More specifically, an object of the invention is to provide 
an optical disk of a sampled servo system reduced clock 
signal jitter, which can be started with high stability and 
positively accessed at high speed. 

The foregoing object and other objects of the invention 
have been achieved by providing an optical data recording 
medium which, according to one aspect of the invention, 
comprises: clock pits formed on tracks at predetermined 
intervals; servo pits arranged wobbly with respect to the 
tracks; and auxiliary clock pits arranged in such a manner 
that at least one auxiliary clock pit is located between two 
clock pits which are adjacent to each other radially of the 
optical data recording medium. 

In the optical data recording medium, according to 
another aspect of the invention, the clock pits adjacent to one 
another radially of the optical data recording medium are 
formed in such a manner as to overlap one another, thus 
providing an auxiliary clock groove extended in a direction 
perpendicular to the tracks. 
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In the optical data recording medium thus constructed, the 
clock pit signals are less variable or substantially not vari- 
able in peak, and clock pulses signals are outputted with 
high accuracy. 

The nature, principle and utility of the invention will 5 
become more apparent from the following detailed descrip- 
tion when read in conjunction with the accompanying draw- 
ing. 



BRIEF DESCRIPTION OF THE DRAWING 
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In the accompanying drawings: 

FIG. 1 is an explanatory diagram showing one example of 
an optical data recording medium, or optical disk, according 
to this invention; 15 

FIG. 2 is an explanatory diagram showing a conventional 
optical disk; 

FIG. 3 is an explanatory diagram showing a conventional 
tracking servo circuit; 20 

FIG. 4 is a time chart for a description of the operation of 
the conventional tracking servo circuit shown in FIG. 3; 

FIG. 5 is a waveform diagram showing clock pit signals 
which are reproduced from the optical disk of the invention 
without tracking operation; 25 

FIG. 6 is a waveform diagram showing clock pit signals 
which are reproduced from the conventional optional disk 
without tracking operation; 

FIG. 7 is an explanatory diagram showing another 3Q 
example of the optical disk according to the invention; and 

FIG. 8 is an explanatory diagram for a description of a 
method of forming a clock groove in the optical disk shown 
in FIG. 7. 



35 



DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 



Preferred embodiments of this invention will be described 
with reference to the accompanying drawings. ^ 

FIG. 1 is an explanatory diagram showing one example of 
an optical disk according to the invention. Similarly as in the 
conventional optical disk of sampled servo system shown in 
FIG. 2, clock pits 101 are formed on tracks 103, and servo 
pits are formed on the recording surface in such a manner 45 
that they are wobbly with respects to the tracks 103. In the 
optical disk of the invention, auxiliary clock pits 104 are 
formed between the clock pits 101 in such a manner that one 
auxiliary clock pit 104 is located between two clock pits 101 
which are adjacent to each other radially of the disk. With a 50 
light beam focused on the optical disk, the signals of the 
clock pits 101 and servo pits 102 are detected. Here, a 
detailed description of the signals of the servo pits will be 
omitted, because, in the invention, the characteristics of 
reproduction of the clock pits is important, and the signals 55 
of the servo pits will not affect the signals of the clock pits. 
The clock pit signals are obtained similarly as in the case of 
FIG. 3. 

FIG. 5 shows the waveform which is formed by repro- 
duction of the clock pits of an optical disk which has no 60 
servo pits (102 in FIG. 1). More specifically, FIG. 5 shows 
the signals of the clock pits 101 and the auxiliary clock pits 
104 provided when the focusing operation is carried out and 
the tracking operation is not carried out. The regions having 
no pit are of mirror surface, and are therefore high in 65 
reflection factor, thus providing a high signal level l a . The 
regions having pits are low in reflection factor, thus provid- 



ing clock pit signals 301 which change in peak value from 
to l FD . FIG. 5 shows the waveform which is formed for 
the conventional optical disk of sampled servo system under 
the same conditions. In this case, the resultant clock peak 
signals 401 change greatly from I PC to l PD . Before the 
tracking operation is accomplished, the focused light beam 
scans not only the tracks 201 but also the inter-tracks. 
Therefore, in the case of the conventional optical disk of 
sampled servo system, for the inter-tracks, the peak of the 
clock pit signals will be the level l PC which is close to the 
level \ 0 of the mirror surface. On the other hand, in the case 
of the optical disk of the invention, the auxiliary clock pits 
104 are arranged between the tracks, and accordingly the 
clock pit signals are less in the variation of peak. The 
conventional optical disk and the optical disk of the inven- 
tion were tested with the following results: 

Thus, the clock pits of the optical disk according to the 
invention is superior in the characteristic of reproduction of 
clock pits to the conventional optical disk in that the peak is 
less variable. 

The clock pit signal 301 is digitalized and applied to the 
PLL circuit 12, which outputs a clock signal (d), whose 
frequency is an integer times the frequency of clock pit 
signal, n synchronization with the latter signal (FIG. 3). The 
clock signal (d) is used to sample the servo pit signals of the 
reproducing signal (a) to form the tracking error signal (e), 
thereby to achieve a tracking operation. When a clock pit 
signal which is greatly variable as shown in FIG. 4 is 
digitalized, the peak may not be detected, as a result of 
which some pulses may be missed or a phase error may be 
increased. When the signal is applied to the PLL circuit 12, 
then the jitter of the output clock signal (d) is increased. As 
a result, the timing of sampling the servo pit signals becomes 
irregular, and an erroneous tracking error signal is generated 
accordingly. Hence, the tracking operation may not be 
achieved, or may take a relatively long time, at the time of 
start or access. The clock signal is also used for data 
recording and reproducing operations. If, immediately after 
accessing, and before the jitter of the clock signal is elimi- 
nated, a data recording operation is carried out, then the 
following data reproducing operation will be adversely 
affected; and if a data reproducing operation is carried out, 
then the reproduced data may suffer from errors. 

The conventional optical disk of sampled servo system 
suffers unavoidably from the above-described difficulties. 
On other hand, with the optical disk of the invention, the 
state that the tracking operation has not been achieved yet is 
smoothly shifted into the state that the tracking operation has 
been achieved, because the clock pit signals 301 are less 
variable in peak as shown in FIG. 5. In addition, the 
accessing operation can be achieved more positively and 
more quickly. 

In the embodiment shown in FIG. 1, only one auxiliary 
clock pit 104 is provided between two clock pits. 101 which 
are adjacent to each other radially of the disk; however, the 
invention is not limited thereto or thereby. That is, a plurality 
of auxiliary clock pits may be provided therebewteen. The 
characteristic of reproduction of clock pits is improved in 
proportion to the number of auxiliary clock pits. 

FIG. 7 is an explanatory diagram showing another 
example of the optical disk according to the invention. The 
optical disk shown in FIG. 7 is obtained as follows: In the 
optical disk shown in FIG. 1, the number of auxiliary clock 
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pits 104 is increased until they form a clock groove 501 
which is extended in a direction perpendicular to the tracks. 

That is, the optical disk has the servo pits wobbly with 
respect to the tracks 503, and the above-described clock 
groove 501. The clock groove is formed as follows: As 5 
shown in FIG. 8, a laser beam is deflected radially of the disk 
with a small pitch in such a manner that a number of clock 
pits 101 overlap one another, thus forming the clock groove 
501. In this case, the disk is subjected to multiple exposure. 
However, since an original plate of glass is optically exposed l o 
through a photo-resist layer formed on it to form the master 
disk, the depth of the pits will never exceed the thickness of 
the photo-resist layer. Hence, in the master disk thus formed, 
clock groove 501 is uniform in depth. 

When, with the optical disk shown in FIG. 8, reproduction 15 
of the clock pit signal is carried out even before the 
completion of the tracking operation, the peak remains 
substantially unchanged. Thus, it may safely be said that the 
optical disk is ideal in function. 

The provision of the auxiliary clock pits may affect the 20 
economy in manufacture of the optical disk as follows: 

It is true that the manufacturing cost of the disk depends 
partly on the number of auxiliary clock pits. However, in the 
case where the number of auxiliary clock pits between two 
adjacent clock pits is only one, the manufacturing cost will 25 
not be increased so much, because a two-beam master 
cutting machine can be used to form those pits. That is, with 
the machine, one of the beams is used to form the clock pits 
and servo pits, and the other is used to form the auxiliary 
clock pits. Thus, in this case, the provision of the auxiliary 30 
clock pits will not increase the manufacturing cost so much. 
Hence, it is practical that one auxiliary clock pit is provided 
between two adjacent tracks. The second embodiment, the 
optical disk with the clock groove is ideal in function; 
however, it is disadvantageous in that its manufacturing cost 35 
is higher than the first embodiment. 

As was described above, in the optical disk with the servo 
pits and the clock pits, the auxiliary clock pits are formed in 
such a manner that at least one auxiliary pit is provided 
between two clock pits adjacent to each other radially of the 40 
optical disk, or the auxiliary clock pits are overlapped one 
another to form the clock groove. Hence, the clock pit 
signals reproduced before the tracking operation is achieved 
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are less variable or substantially not variable in peak value. 
As a result, the clock signal is minimized in jitter which is 
produced by utilising the clock pit signal, and accordingly 
the starting operation is carried out with high stability, and 
the accessing operation is achieved quickly and stably. In 
addition, the conventional data recording and reproducing 
device provided for optical disks of sampled servo system 
can be used for the optical disk of the invention as it is. That 
is, the optical disk of the invention is interchangeable with 
the conventional one, and is superior in performance to the 
latter. 

While there has been described in connection with the 
preferred embodiments of the invention, it will be obvious 
to those skilled in the art that various changes and modifi- 
cations may be made therein without departing from the 
invention, and it is aimed, therefore, to cover in the 
appended claims all such changes and modifications as fall 
within the true spirit and scope of the invention. 

What is claimed is: 

1. An optical data recording medium having a recording 
surface on which a plurality of tracks are formed creating 
non track regions in between said tracks, said optical data 
recording medium comprising: 

clock pits formed on said tracks at predetermined inter- 
vals; 

servo pits arranged wobbly with respect to said tracks; 
and 

auxiliary clock pit means located in said non track regions 
adjacent to said clock pits in a radial direction of said 
optical data recording medium. 

2. An optical data recording medium as claimed in claim 
1, in which said auxiliary clock pit means comprises at least 
one auxiliary clock pit which is located in said non track 
regions between two adjacent clock pits in the radial direc- 
tion of said optical data recording medium. 

3. An optical data recording medium as claimed in claim 
1, in which said auxiliary clock pit means comprises aux- 
iliary clock grooves in said non track regions extending in a 
direction perpendicular to said tracks, each of said auxiliary 
clock grooves overlaps clock pits adjacent to one another in 
the radial direction of said optical data recording medium. 

* * * * * 
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